Abstract: Using data for a sample of developing countries and transition economies, this paper estimates the relationship between government spending on health care and education and selected social indicators. Unlike previous studies, where social indicators are used as proxies for the unobservable health and education status of the population, this paper estimates a latent variable model. The findings suggest that public spending is an important determinant of social outcomes, particularly in the education sector. Overall, the latent variable approach yields better estimates of a social production function than the traditional approach, with higher elasticities of social indicators with respect to income and spending, therefore providing stronger evidence that increases in public spending do have a positive impact on social outcomes.
INTRODUCTION
Social programmes such as health care and education are generally believed to have a bearing on human development, and, consequently, increased government spending in those programmes is expected to result in better social outcomes. However, recent empirical studies have noted that the impact on outcome indicators of government spending on social programmes is weak, both in developed and developing countries. In general, income per capita is a more powerful determinant of school enrollment and immunization rates, for instance, than the resources spent by the government on programs aimed at improving social outcomes.
In the case of health care, many studies using data for both developed and developing countries show that income is the major determinant of the population's health status, while the ratio to GDP of public spending on health care, as well as the share of public outlays in total health care spending, are relatively poor predictors of cross-country Copyright (Filmer and Pritchett, 1999; Filmer et al., 2000; Jack, 1999) . Recent research on OECD countries suggests, however, that there is a positive, albeit weak, relationship between public spending on health care and premature mortality . In education, a stronger relationship is often reported between public spending and social indicators when cross-country differences in socio-demographic and economic indicators are taken into account (Flug et al., 1998) . In the same vein, Gupta et al. (2003) show that both the level and the composition of spending on education, proxying for the efficiency of government spending, are important determinants of enrolment rates, persistence rates through grade 4, and primary school dropout rates. However, as in the case of health care, income tends to dominate the correlation between public spending and outcomes.
The usual culprits for the generally weak estimated relationship between social indicators and public spending are data deficiencies (e.g., exclusion of private and subnational outlays in total spending data and dearth of disaggregated data on the distribution of indicators by income class) as well as econometric problems (e.g., ill-specified reducedform estimating equations and poorly defined identification tests). This paper focuses on the latter issue and seeks to address econometric problems by using a latent variable model (covariance structure model), which, to our knowledge, has not been used in the empirical literature. The main argument for using a latent variable model is that the health and education status of the population are unobservable, multi-dimensional concepts and, as such, cannot be measured by a unique social indicator in a social production function.
Based on the latent variable model, we find strong evidence that public spending affects school enrolment positively. Moreover, both real income and the intra-sectoral composition of public spending on education tend to have a higher positive elasticity than in the traditional approach. Another finding of the paper is that unfavourable initial conditions, such as high illiteracy rates, reduce the effectiveness of social spending. On health care, the empirical findings are less clear-cut and, in general, the elasticity of public spending on health outcomes is lower than in the traditional approach. There is, however, a significant non-linear negative relationship between public spending and mortality rates, with the estimated elasticity of spending being higher for a sub-sample of low-income countries. These results are in line with claims that the poor benefit more from public spending on health care, and that the relationship between public spending and the health status of the poor is stronger in low-income countries.
1 In addition, the effect of initial enrolment rates becomes stronger and income elasticities tend to be lower in poorer countries. This paper is organized as follows. Section 2 briefly describes the methodology for estimating the latent variable (or covariance structure) model. Section 3 presents the data and the estimation results following the traditional approach. Section 4 reports the results of the latent variable model. Section 5 concludes and presents some policy implications of the empirical analysis.
COVARIANCE STRUCTURE MODELS
The conventional approach to estimating the relationship between health and education status and government spending is to treat social indicators as outputs and public spending on social programs as an input in a social production function. The problem with this approach is that the true outputs in this production function are not observable and, therefore, the use of intermediate health and education indicators as direct proxies for outcomes biases parameter estimates to the extent that these proxies are poor correlates with the unobservable output variable (Jack, 1999) . The use of nonparametric estimators in the empirical analysis does not solve this problem, because it does not address the issue of how to correctly measure the dependent variable.
2
To overcome this problem we argue in this paper that the social production function should be estimated using a latent variable model. 3 In a nutshell, this methodology differs from the traditional approach, because instead of regressing observable social indicators on government spending and control variables, it uses these indicators as determinants of an unobservable, latent variable. Subsequently, the information available in the covariance matrix of both the usual explanatory variables and the social indicators is used to estimate the empirical association between government spending and the unobservable output variable.
4 Covariance structure models are useful statistical tools in the estimation of structural relationships involving unobservable variables, such as well-being, trust, and happiness, 5 and when the relevant variables define multidimensional concepts, such as poverty or, as in the case at hand, the population's health and education status.
6
In particular, covariance structure models can be interpreted as a synthesis of two different models (Long, 1983b) : (i) a measurement or confirmatory factor model, which has been widely used in social sciences; and (ii) a standard structural equation model, where the relevant variables are not affected by measurement errors, as in the standard regression analysis. The factor model assumes that a vector of p observed variables x can be generated by a corresponding vector n of q unobserved variables with an error term d:
where K is a matrix of factor loadings in which each i; j measures the correlation between the latent variable j and the observed variable x i ; i ¼ ð1; . . . ; pÞ and j ¼ ð1; . . . ; qÞ. For two vectors of observable variables (x and y), equation (1) can be defined as a system:
where the observable variables in vectors x and y are defined as deviations from their means and the unobserved variables in vectors n and g are uncorrelated with the error 2 For empirical studies on nonparametric estimations of social production functions see, for instance, Tulkens and Van den Eeckaut (1995) . See Alesina and La Ferrara (2000) , for a recent example of an application of latent variable methodology to economic problems. If data are available for a set of observable variables that are known to be associated with the latent variable, covariance structure models allow for estimating the relationship between the unobserved variables and the set of observable regressors. This can be done by decomposing the covariance matrix of the observable variables (or the correlation matrix when the observable variables are standardized) according to a model describing the correlations among the latent factors measured by the observable variables.
5
Covariance structure models are also useful in dealing with variables measured with error, and in statistical problems involving simultaneity and interdependence among the relevant variables. See Goldenberger and Duncan (1973) , for more information.
terms. In addition, the error terms are assumed to be uncorrelated across the equations in the system. The second part of the covariance structure model (the structural equation model) consists of defining the causal relationships among the latent variables defined in equation (2), the description of the causal effects, and the assignment of the explained and unexplained variances. The structural equation model can be written as:
where and are the vectors of, respectively, endogenous and exogenous latent variables, defined in equation (2); B is a matrix of regression coefficients associated with the endogenous latent variables, with zero diagonal elements, and let I À B be non-singular; C is a matrix of parameters, capturing the effect of the exogenous latent variables on the endogenous latent variables; and f is a vector of random disturbances. All variables are defined in equation (3) as deviations from their means and the vector of exogenous latent variables is assumed to be uncorrelated with the random error terms. The variance-covariance matrix of x and y can be expressed in terms of all the parameters of the system, given some necessary overall identification restriction (Jöreskog and Sörbom, 1989) . The usual identification restrictions for structural equation models apply to equation (3) in the absence of measurement errors.
The covariance structure model (2)- (3) can be estimated for a covariance matrix R defined as E [zz 0 ], where z is a vector constructed by stacking the variables in y on the top of those in x. The predicted covariance matrix can be defined as:
where A ¼ I À B; U is the covariance matrix of n, W is the covariance matrix of f, and H and H " are the covariance matrices of d and e, respectively. Assuming that all variables are normally distributed, the parameters in equation (2) can be estimated by maximum likelihood, by minimizing the following expression:
where r and s denote, respectively, the number of endogenous and exogenous latent variables, and S is the observed covariance matrix. Goodness-of-fit measures include (1) an 2 statistic, which can be used to test the estimated model against the alternative that the covariance matrix is unconstrained; 7 (2) an adjusted goodness-of-fit statistic, which measures the share of total variance explained by the model; and (3) the root mean squared error, defined as the average of the fitted residuals, which can be used when the relevant variables are standardized. in the period 1996-98. 10 The dataset contains information on three groups of variables: public social spending, social indicators, and a set of variables that are known to affect the relationship between social spending and outcomes. Health status indicators include infant and child mortality rates, as well as DPT immunization rates (children aged 1 or less).
Education attainment indicators include primary and secondary school enrolment rates, in addition to persistence through grade 5.
11 The control variables comprise sociodemographic factors (i.e., fertility rates, secondary enrolment rates for girls, and adult illiteracy rates), proxies for economic development (urbanization rates and GDP per capita), and sector-specific indicators (pupil-teacher ratios and the ratio of public spending on education per pupil in primary and tertiary education).
The descriptive statistics, reported in Table 1 , show that the public spending ratios are on average lower in our sample than those of high-income countries, as expected, but are in line with the middle-income country average (Chu et al., 1995) . The standard deviations are high, at almost half of the mean for most of the variables. Also, spending per pupil is much lower for primary than tertiary education, suggesting that the composition of education spending is a factor that could contribute to the large differences in social outcomes in the sample. With regard to social indicators and control variables, gross school enrolment rates are much higher for primary education than for secondary education. The standard deviation of the ratio of public outlays to GDP, measuring government size, is high, reflecting the inclusion of transition economies and higherincome countries in the sample.
Turning to raw correlations, public spending on education is positively correlated with school enrolment rates but the correlation between public spending and persistence through grade 5 is not statistically significant. Public outlays on health care correlate negatively with infant and child mortality, and positively with access to sanitation and DPT immunization rates.
12 As expected, the ratio of public spending per pupil in tertiary education to that in primary education, measuring the intrasectoral composition of 9
The original dataset of 111 countries exhibited considerable dispersion in many indicators. Principal component analysis and cluster analysis (Bouroche and Saporta, 2002; Morrison, 1990) were used to assess the sources of variance in the data and to identify the potential outliers in the sample. Based on these results, the original sample was reduced to 94 countries, after eliminating 17 outliers. 10 We used the World Bank's World Development Indicators data base as a source for social indicators and national statistical data for central government spending on health and education.
11
The choice of indicators used to measure the efficiency of public spending on health care and education was guided by their appropriateness as proxies for education and health care performance and the availability of internationally comparable data for a wide range of countries. See Gupta and others (2000) for more information on international social development goals and performance indicators.
12
Public outlays on health care are typically positively correlated with life expectancy at birth (Anderson et al., 2000; , although the correlation between public spending and income is much stronger (Pritchett and Summers, 1996; Filmer and Pritchett, 1999) . Spending on health care is also usually negatively correlated with malnutrition rates (Peters et al., 1999) . education spending, correlates negatively with both primary and secondary enrolment rates, and positively with infant and child mortality rates. 
The Conventional Approach: Econometric Results
To motivate the empirical analysis, the relationship between social spending and social indicators was estimated first using the conventional social production function approach in which, as discussed above, health and education indicators are treated as outputs and public spending ratios are treated as inputs. Other exogenous variables, such as per capita income, are included in the equation to control for additional determinants of social outcomes. The issue of multidimensionality of the outcome indicators is not dealt with explicitly and separate regressions are run for each indicator. The key testable hypothesis is that the government spending coefficient is positive and statistically significant at classical levels.
For a given time period, the conventional cross-sectional estimating equation can be defined as:
where y denotes the social indicator (e.g., mortality rates, school enrolment ratios), GDP is defined in real per capita terms, S denotes public social spending (e.g., health care and education as a percent of GDP), X is a vector of control variables, u is a random error term, and i identifies the countries in the sample.
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In the education regressions, gross primary and secondary enrolment rates are used as the dependent variables. Explanatory variables include GDP per capita in purchasing power parity (PPP) terms, the share in GDP of public spending on education, the ratio of public spending on tertiary education to public spending on primary education, the pupilteacher ratio, the adult illiteracy rate, and the share of girls enrolled in secondary education. In the health care regressions, child mortality (0-5 year olds) and infant mortality (0-1 year olds) rates are used as the dependent variables. Explanatory and control variables include GDP per capita in PPP terms, the share in GDP of public spending on health care, the fertility rate, the urbanization rate, the input mix of government spending (proxied by the pupil-teacher ratio), and the intra-sectoral composition of public spending.
The expected signs are consistent with intuition. In both equations, economic development (measured by real GDP per capita and the urbanization rate) and the share of girls attending secondary school are expected to correlate positively with outcomes. On the other hand, the intra-sectoral composition of public spending, the adult illiteracy rate (capturing family background effects and past social policies), the fertility rate, and the pupil-teacher ratio are all expected to correlate negatively with health and education outcomes.
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The results of the estimation of equation (6), reported in Table 2 , confirm previous findings in the literature. When equation (6) is estimated using the average of primary and secondary school enrollment rates as the dependent variable, 16 per capita income and public spending are found to be important determinants of social indicators. The intrasectoral composition of social expenditures also matters and, as expected, adult illiteracy is negatively associated with school enrolment, and a higher share of girls enrolled in 14 The logarithmic transformation of the variables (except for illiteracy rates) is preferred over alternative specifications. We tested this assumption against a linear specification using the RESET and the McKinnon, White and Davidson (MWD) tests and could not reject the hypothesis that the best specification is the one used in the paper. The log-linear specification also yields the highest model fit.
For example, parents will not have strong incentives to send their children to school or women will not be adequately informed about minimal hygienic and nutritional standards during pregnancy, which could affect negatively the health status of the newborn.
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The relevant parameters were not found to be statistically significant at classical confidence levels when the primary school enrolment rate was used as the dependent variable in equation (6). Instead, average primary and secondary school enrolment rates were used. Persistence through grade 5 was also found to be weakly correlated with the exogenous variables included in the regression. secondary education contributes positively to higher enrolment rates for both males and females. 17 These results also hold when equation (6) is estimated using the secondary enrolment rate as the dependent variable and, in this case, the pupil-teacher ratio is statistically significant with the expected sign. The estimated elasticities of government spending are higher when the secondary enrolment rate is used as the dependent variable and the equations are estimated by taking into account cross-country differentials in spending levels (WLS and WTSLS).
The findings of the health regressions, reported in Table 3 , are less clear-cut. As discussed in the literature, spending on health care is usually negatively associated with mortality rates, although not always at statistically significant levels, and per capita income is a more important determinant of health indicators than government spending. As expected, a higher fertility rate increases both infant and child mortality rates, but the urbanization rate is weakly correlated with infant mortality rates. The intra-sectoral allocation of spending and the pupil-teacher ratio is not correlated with mortality rates at classical levels of significance. As in the case of education, the estimated elasticities of government spending are higher when cross-country differentials in spending levels are taken into account (WLS and WTSLS). 
THE LATENT VARIABLE MODELS
The findings discussed above are consistent with those reported in the production-function literature. However, since no single output indicator perfectly captures the multidimensional nature of unobserved variables such as the population's health or education status, our alternative approach takes into account the relationship between the observable social indicators, the unobservable latent variables, and the exogenous determinants in equation (6), using the covariance structure models described in Section 2.
Estimating Health and Education Status Separately
The model to be estimated below is a Multiple Indicators Multiple Causes model (MIMIC) that can be derived from the general covariance structure model by setting x and B ¼ 0. The MIMIC model equations are defined as: 
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The MIMIC model can be estimated separately for health and education indicators, using equation (4) and the input correlation matrix reported in Table 4 .
The estimation results are reported in Table 5 . 18 Primary and secondary school enrolment rates are used in the estimation of Model 1. Model 2 includes the two school enrolment rates, as well as persistence through grade 5, as indicators of education status, the unobservable latent variable. Control variables include, as in the cross-sectional regressions, per capita income, spending per pupil in tertiary education relative to primary education, and adult illiteracy rate. The parameter estimates suggest a positive and statistically significant association between public spending on education and education status, with an elasticity of 20 per cent. This elasticity is close to the upper range of the estimates based on the traditional approach when secondary education is used as the outcome variable ( Table 2 ). As in most empirical studies, per capita income is also positively signed and statistically significant with an elasticity of 30 per cent. This elasticity is also much Notes: Maximum Likelihood estimates. (*), (**), and (***) denote significance of the t-test at the 10, 5, and 1 per cent level.
higher than that estimated using the conventional approach. The factor loadings on the latent variable are positively signed and statistically significant, 19 except for persistence through grade 5. 20 In particular, the primary enrollment rate is positively correlated with education status, even if its estimated impact on the latent factor is weaker in magnitude than that of secondary school enrollment. The overall fit of the model is over 90 per cent and the 2 test fails to reject the null hypothesis for both models. Similar results are reported in Table 6 for the health equations. In Model 1, child and infant mortality rates are used as indicators of the population's health status, whereas Model 2 uses immunization rates and access to sanitation as the determinants of the latent variable. In both cases, public spending on health care is correctly signed but not statistically significant at classical levels. Per capita income is always statistically significant, negatively correlated with mortality rates, and positively correlated with immunization and access to sanitation. The income elasticity is slightly higher than that estimated using the traditional approach, especially in the case of child mortality (Table 3) . In fact, the introduction of the latent variable highlights the role of income-related factors in explaining differentials in mortality rates among the countries in the sample. Illiteracy correlates positively with mortality but has a low explanatory power, when immunization rates and access to sanitation are used as the determinants of health status. Finally, as many previous studies have pointed out, fertility is negatively correlated with health status, and the estimated coefficient is statistically significant in both models. In order to set the metric of the latent variable, the factor loading of one observable indicator has been fixed to unity. The coefficient of secondary enrolment rate has been normalized in the estimate of Models 1 and 2. 20 Importantly, persistence through grade 5 is supposed to capture the quality dimension of education attainment. According to the results, quality is not adequately reflected in the selected model. Thus, social spending on education and per capita income are more likely to have a considerable effect on the other dimensions of education status, other than attainment.
Estimating Health and Education Status Simultaneously
The main reason for estimating health and education status simultaneously is that worse education outcomes could have a negative impact on health status, by reducing access to health services, for example, and that health conditions, especially among children, may negatively affect performance at school. As a result, a more general covariance structure model would estimate both health and education status simultaneously, as in equation (2). To this end, the structural relationship between the exogenous variables and the factors is specified as in equation (3) assuming B ¼ 0 and that W, the covariance matrix of vector n (random error), has only non-zero elements. The latter assumption means that the crossequation relationships (between health and education status) are summarized in the error variance-covariance matrix.
The estimation results, reported in Table 7 , show that, as expected, infant and child mortality rates are negatively associated with good health, whereas primary and secondary school enrolment rates are positively associated with education status. Countries with lower per capita income have poorer health and education outcomes. Public spending on education is positively associated with the corresponding latent factor, but health spending does not seem to affect health status significantly, although the coefficient is correctly signed. The intra-sectoral composition of education outlays is an important determinant of education status: the higher the share of resources devoted to tertiary education relative to primary education, the lower the primary and secondary school enrolment rates. No significant correlation was found between the latent variables for health and education status once the effect of the other covariates is considered. A possible explanation for this result is that, since income-related variables and the illiteracy rate have a direct significant impact on both mortality and school enrolment, this impact weakens the relationship between health and education status. However, countries that invest effectively in education programs to reduce adult illiteracy can also expect to have a positive impact on health conditions. The model's overall goodness of fit is 95 per cent and the 2 test is significant at the 5 per cent level.
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The parameter estimates reported above could be affected by the sizeable variability in per capita income levels among countries, as discussed earlier. To take these effects into account, Model 1 was re-estimated for a sub-sample of low-income countries, where low income is defined as per capita income below the sample median. The results, reported in Table 8 , are in line with the previous findings. Parameter estimates are of comparable magnitude. The elasticity of per capita income is still significant, but lower in magnitude 21 An alternative specification of this model, where health status is measured by immunization and sanitation rates, in addition to child and infant mortality rates, produces similar parameter estimates: public spending on education is positively associated with education status, whereas health expenditures are not correlated with health status at classical levels of significance. Public Spending on Health Care and Education 721 than for the full sample. The elasticity of public spending on education is also slightly lower, but statistically significant. At the same time, the intra-sectoral composition of social spending, as well as adult illiteracy, plays a more important role in explaining education outcomes in the poor-country sample. The overall fit of the model is better than that estimated for the full sample according to the 2 test. The coefficient of the health spending variable is negatively signed, as expected, but still not statistically significant.
CONCLUSIONS AND POLICY IMPLICATIONS
The empirical literature, focusing predominantly on cross-sectional evidence, has so far provided only partial justification for higher government spending on education and health care. Income alone usually explains the bulk of the cross-country variation in health and education indicators, regardless of estimation technique used and sample size. The main argument in this paper is that applied research on the links between public spending and social indicators has failed to deal with the econometric problems associated with unobservable multidimensional concepts, such as the education and health status of the population, as dependent variables in reduced-form equations. This paper's main contribution is therefore econometric: it argues that using proxies for unobservable outcomes in social production functions is not the best way to estimate the impact of public spending on education and health care on social outcomes.
The estimates of the government spending and income elasticities based on the covariance structure model are in general higher in magnitude than those obtained in the traditional approach. The only exception to these results is government spending on health care, for which the traditional approach tends to yield higher elasticity estimates. Another significant result reported in this paper is that unfavourable initial social conditions, such as illiteracy and gender inequality (as measured by the access of girls to secondary education), tend to worsen social indicators. In the case of education, for which the covariance structure model produces statistically significant elasticities for the public spending variable, our estimates show that the millennium goal (MDG) of universal primary education enrolment by 2015 could be achieved by increasing the current level of such spending, on average 4.3 per cent of GDP in the countries included in the sample, by about one third on average.
These results reinforce some policy prescriptions that have now become standard. First, health status and educational attainment are multidimensional concepts that cannot be directly measured by a single set of indicators. Social outcome should be seen as the result of a complex production process that involves interrelationships among many variables, including institutional factors and individual behavior (Evans et al., 2001; World Bank, 2000) . More importantly, increases in social spending alone do not ensure better social outcomes. Removing unfavorable initial social conditions, such as high illiteracy rates and/or sizable income and gender disparities in the access to basic public services, could accelerate human development. Finally, the intra-sectoral allocation of spending matters: the composition of education outlays between primary and tertiary education is an important determinant of the education status of the population, especially in a sub-sample of poorer countries. In these countries, in particular, investing in basic education can have a positive direct effect on education outcomes through reduced illiteracy and better access to public social services.
The main caveats of our empirical analysis are well documented. Important causal factors could have been omitted from the specification adopted in this paper.
